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Abstract
The purpose of this paper is to analyse relation of Research and Development (R&D) Performance indicators with R&D 
Expenditures made by the Higher Education (HE) sector and to identify other types of determinants of performance indicators in 
Latvia and Baltic States. Research helps to determine whether increase of financing promotes improvement of R&D performance 
indicators. HE performance indicators and their relation to R&D expenditures in Baltic States were compared.
Authors concluded that several performance indicators relate to the expenditure level in the HE sectors, however certain 
indicators do not relate to expenditures. Furthermore, the authors concluded that policy of funding should be more performance
based. 
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Introduction
Investment in R&D expenditures is an essential precondition for development of competitive economy and long-
term state development. Investments in science and development is set as priority in both national and European 
Union policy planning documents, however the amount of financing is insufficient.
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The research made in 2003 concluded that financing of R&D in Baltic States is insufficient in order to achieve 
qualitative and quantitative indicators (Allik, 2003). Ten years have already passed, however acute lack of funding 
is is indicated as one of the main reasons for low performance of indicators.
In accordance with the European Commission’s Strategy 2020, the goal was set that by 2020 3% from the EU’s 
Gross Domestic Product (GDP) shall be invested in R&D (Communication from the Commission, 2013). However 
already now the European Commission foresees that this goal will not be achieved by 2020 (Communication from
the Commission, 2014). Latvia will most likely not achieve this goal, despite annual financing level provided in the 
Law on Scientific Activity (0.15% of GDP) (Law on Scientific Activity, 2005).
Even more important is measurement of effective use of funding to increase performance indicators. Effective 
use of funding is stated on government level and that should be implemented starting from organizational level.
Definition of ‘organization’ includes a condition that organizations should be structured so that they improve 
effectiveness and achieve common goals (Robbins, 1987). Effectiveness can also be focused on process approach –
analyse use of resources in case of resource limitation (Davidsone, 2008).
HE institutions and sector have important role in creation of knowledge-based economy (Grinis & Vaišnoraite, 
2007). The purpose of this research is to determine whether a connection exist between HE sector’s R&D 
expenditures with performance indicators and to analyse this connection and what could additionally affect 
performance indicators. That allow to adopt more focused decisions for funding policy planning in the future.
1. R&D Expenditures by HE Sectors
R&D expenditures can be divided in four performance sectors – government sector; HE sector; business sector; 
and private, non-profit sector (Eurostat, 2015). Regardless of similar challenges, R&D Expenditures and R&D 
Expenditures by HE Sector (% of GDP) in Baltic States are rather different.
Table 1. R&D Expenditures by all sectors and HE sector (% of GDP)
Latvia Lithuania Estonia
2012 2013 2012 2013 2012 2013
All sectors 0.66 0.6 0.9 0.95 2.16 1.74
HE sector 0.33 0.26 0.48 0.52 0.69 0.74
(Eurostat, 2015)
R&D financing in Latvia is only 0.6% of GDP, which is very far from achieving goals set by the European 
Strategy 2020, moreover it is one of the lowest in the whole Europe. Lithuania is doing better since financing has 
slightly increased and currently is 0.95% of GDP. The highest results have been achieved in Estonia – 1.74% form 
the GDP, despite decrease of financing from 2.16% in 2012 (Eurostat, 2015).
Estonia has set a goal in Estonian Strategy 2020, establishing a midpoint to achieve 2% of GDP by 2015 and 3% 
by 2020 (National Reform Programme “Estonia 2020”, 2011). Lithuania has resolved to achieve 1.9% of GDP by 
2020 (Government of the Republic of Lithuania, 2012). Latvia has resolved to achieve only 1.5% in 2020 (Cross-
Sectoral Coordination Centre, 2012). Latvia and Lithuania R&D expenditures basically are made in the HE sector, 
which is becoming the largest sector. Especially in Lithuania 0.52%, less in Latvia 0.26% of GDP. Despite that,
Estonia’s % of GDP is the highest with 0.74%, nevertheless main focus of Estonia is business sector 0.83% of GDP
(2013) (Eurostat 2015). Estonia also takes leader position in innovation activities (Dubra, 2013). Increase of R&D 
funding by promoting private sector outputs is defined in the Estonian Strategy 2020 (National Reform Programme 
“Estonia 2020”, 2011).
Integration of HE sector with research is promoted more and significant role of HE sector in research is 
emphasized. Focusing of research centres in universities will ensure connection of research with universities and 
will ensure rejuvenation of R&D personnel. Also in the international evaluation of Latvia foreign experts pointed at 
necessity to reduce segregation of the HE sector from research, by involving doctoral students in research and 
therefore ensuring regeneration of generations in the science (Informative Report, 2014b,c). In order to promote 
efficiency of science and HE, the priorities and financing of science and HE sector should be more connected
(Republic of Estonia, Ministry of Education and Research, 2014).
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2. Additional Factors Influencing Results
Although amount of R&D Expenditures is an essential factor in achieving scientific indicators, they can be 
promoted with more efficient granting of funding.
Promotion of efficiency of science funding is a task of several national research systems, while meeting such 
challenges as globalization and request for more quality that leads to think about changes in forming science 
structures and methodology in granting financing (OECD, 2011). A form of granting financing is also important –
more financing is granted based on models that are itself based on achieving goals. Although core funding of Latvia
is granted based on indicators, however it is still an ex-post grant. Ex-post measurement of performance grant is 
based on formulas, whereby previous period is evaluated (OECD, 2014). Estonia has already implemented targeted 
evaluation system for state budget financing, in order to prepare sectoral development plans that would allow to 
analyze achievement of goals and achieved impact (Organization of Research and Development Act, 1997).
In order for financing to achieve the goals more precisely, structural division of science is also important.
International evaluation of Latvian science in 2013 clearly indicated a need for structural reforms (Informative 
Report, 2014a). Contrary to that, Lithuania reduced the total number of scientific institutes in 2008 by merging state 
and HE scientific centres in 11 scientific centres (Informative Report, 2014b).
Cooperation among different sectors must also be more efficient and improved (Paas and Poltimäe, 2010).
Furthermore Lithuania emphasizes importance of synergy among studies, HE and business sectors (Government of 
the Republic of Lithuania, 2012).
3. Methodology
Following research methods were used in this publication: (i) analysis of informative reports of the government, 
national overviews, policy planning documents and scientific papers; (ii) analysis of statistical data (Eurostat, 2015)
from different crosscuts. The data was analysed and compared in context of Baltic States.
Comparative method is used for analysis of the statistical data. R&D Expenditures (% from GDP) and its
connection to sector performance indicators (patent applications to the EPO (per million labour force); total R&D 
personnel and researchers by sectors of performance, as % of total labour force; total researchers (FTE- full-time 
equivalent), by sectors of performance; doctorate students in science and technology fields (% of the population 
aged 20-29 years); high-tech exports (% of exports)) are analysed. Proportional changes in indicators in relation to 
first year in the 10 year period from 2003 to 2013 (except few indicators were data is available later than 2003) were 
analysed. The analysis was carried out by dividing each state’s expenditures in respective periods (growth, decline, 
moderate growth etc.) and by this period’s expenditure changes with changes of indicators in the respective period. 
Performance indicators were analysed not only in the context of respective state, but also in general context of Baltic 
States. Also general tendencies of expenditures of R&D sector were analysed.
4. Results
4.1. Case of Latvia
R&D expenditures in the HE sector (% of GDP) can be divided in 4 periods: Period 1 from 2003 to 2008 – even 
growth period (0.15-0.28%); Period 2 2009 sharp decline period (0.18%); Period 3 2010 rapid growth period 
(0.24%); Period 4 from 2011 to 2013 – decline period (0.34 – 0.26%).
Patent applications: during Period 1 amount of patent applications to the EPO (per million labour force) was 
rising rapidly, unevenly (from 6.05 in 2003 to 19.91 in 2008). During Period 2 along with crisis in 2009 and decline 
of expenditures in the sector, a sharp indicator’s decline continues (16.94) and continues in 2010 (14.94) in contrast 
to Period 3 rapid growth period in the HE sectors. Indicator’s growth in Period 4 (15.93) along with decline in 
sector’s financing, also the number of patent application begin to decline in 2012 (13.83).
R&D personnel and researchers: Period 1 – number of total R&D personnel and researchers by sectors of 
performance, as % of total labour force steadily grows from 2004 (0.52%) to 2008 (0.62%), which corresponds to 
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R&D expenditure changes in the sector. Period 2 number of R&D personnel in 2009 declined to 0.57%. Period 3,
remained unchanged in 2010, however total R&D expenditures in the sector increased. Period 4, number of 
personnel in 2011 begin to recover (0.66%) and steadily increases until 2012 (0.73%), which is contrary to 
expenditures during this period. However during this period number of total researchers (FTE- full-time equivalent) 
decreases (2708 in 2011 to 2348 in 2013), which corresponds to sector’s expenditure decrease period.
Doctorate students: number of doctorate students in science and technology fields (% of the population aged 20-
29 years) in Period 1 increases to 0.2% in 2006, 2007. However the indicator decreases already in 2008 to 0.1% 
contrary to HE sector’s expenditure increase and during Period 2 contrary to expenditure decrease, in HE sector the 
indicator increases to 0.2% in 2009. Period 3 indicator remains unchanged. Period 4, the indicator increases to 0.3%.
High tech export: amount of high-tech exports (% of exports) Period 1, indicator starts with 4.6% (2007). Period 
2, contrary to decrease of expenditures in HE sector, the indicator slightly increases to 5.3% (2009). In Period 3 
slight decrease of the indicator (4.8% of export), contrary to rapid growth period for the sector. Period 4, decrease in 
the sector’s expenditures is observed, high-tech export indicator increases in 2011 to 6.7% and 2013 to 8%.
Part of indicators partially relate with changes of expenditures in the sector – patent applications to the EPO,
number of total R&D personnel and researchers. The lowest relation is in high-tech exports and number of doctorate 
students until 2010, that expressly does not correspond in a period from 2007 to 2009. Several indicators after sharp 
decline period in 2009 do not increase as rapidly as R&D expenditures: number of patent applications to the EPO
continue to decrease until 2010, total R&D personnel and researchers.
4.2. Case of Lithuania
Expenditures in the HE sector (% from GDP) in Lithuania can be divided in 2 periods: Period 1 from 2003 to 
2010 can be described as stability period (0.4-0.42%). Period 2 from 2011 to 2013, a moderate growth period (0.49-
0.52%).
Number of patent applications to the EPO (per million labour force): in Period 1 until 2010 the indicator does not 
relate with expenditures. This indicator grows in 2008 (11.13) as well as declines in 2009 (5.44). However, for 
Period 2 a moderate growth can be observed in 2011 which corresponds to moderate increase in R&D expenditures 
in HE sector in 2011 (12.1) and 2012 (12.41). The indicator corresponds only in the moderate growth period.
Total R&D personnel and researchers (as % of total labour force): Period 1, in the stability period changes in the 
number of personnel are stable with a minimal growth tendency (0.74% in 2004 and 0.87% in 2010). In Period 2 
moderate growth period from 2011 indicator also increases to 1.11%, 1.13% in 2012. Number of total researchers 
(FTE- full-time equivalent): stability period corresponds until 2010 (5196 in 2004, 5890 in 2010). Furthermore, in 
the moderate growth period from 2011 this indicator declines to 5645 and 5399 in 2013.
Doctorate students in science and technology fields (% of the population aged 20-29 years): Period 1 indicators
(contrary to even stability period) rise in 2006 (0.3%). While in 2008 sharp decrease (0.1%). Increase can be 
observed until 2009 (0.3%) and the indicator remains 0.3% till 2012. In Period 2 even growth period does not 
correspond, since the indicator remains unchanged at 0.3%.
High-tech exports (% of exports): the indicator does relate neither with stability nor with moderate growth period. 
In the Period 1 the indicator decreases (from 7.3% in 2007 to 6% in 2010), the decline continues further to 5.6% in 
2011. Slight increase is observed in 2012 (5.8%) that remains also in 2013.
Patent applications indicator relates partially, clear relation can only be observed in moderate growth period. 
R&D personnel and researchers, and number of total researchers (FTE- full-time equivalent) relates both in the first 
period and partially in the second period. Number of doctorate students and high-tech exports indicators do not 
relate with R&D expenditures in none of the periods, however the indicator in the last years retains stability without 
decrease of indicators.
4.3. Case of Estonia
Expenditures in the HE sector (% of GDP) in Estonia can be divided only in one period – stable growth period:
from 2003 to 2013 (0.36% to 0.74%).
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Number of patent applications to the EPO (per million labour force): The indicator rapidly increases from 15.46 
in 2003 to 61.81 in 2012. Slight decrease to 9.51 in 2005 and 54.91 in 2010.
Total R&D personnel and researchers (as % of total labour force): changes in this indicator corresponds with 
stable growth from 0.73% in 2004 to 0.92% in 2013. Total number of researchers (FTE- full-time equivalent) grows 
from 1974 in 2003 to 2398 in 2013.
Doctorate students in science and technology fields (% of the population aged 20-29 years): stable increase can 
be observed in this indicator, which corresponds with expenditures (0.3% in 2003 to 0.7% in 2012) with the 
exception in 2008 when indicator rapidly decreased 0.3%. However in 2009 indicator increase to 0.6% and continue 
increase to 0.7% in 2012.
High-tech exports (% of exports): changes in this indicator are not that pronounced, however the indicators 
growth retain positive tendency (from 7.8% in 2007 to 14.8% in 2013), only in 2009 a decrease to 6.9% can be 
observed.
4.4. Comparison of Indicators
Doctorate students in science and technology fields (% of the population aged 20-29 years): in Lithuania and 
Latvia changes in indicators are similar until 2005 (in Lithuania 0.2% and 0.1% in Latvia). In 2006 a slight increase 
can be observed (0.3% in Lithuania, 0.2% in Latvia). From 2007 to 2008 shows the lowest results (Lithuania 0.1%, 
Latvia 0.1% and Estonia 0.3%). From 2009 in all countries an increase of indicator can be observed (in Lithuania 
increases to 0.3% and further increase stops, in Latvia cyclically increases to 0.3% in 2010, in Estonia steadily 
increases to 0.7% in 2012).
Patent applications to the EPO (per million labour force): Estonian and Lithuanian indicators decreases until 2005 
(9.51 in Estonia, 5.62 in Lithuania) and then steadily increases in Estonia reaching 61.81 in 2012 and 12.41 in 
Lithuania. Contrary Latvian indicators increased to 15.6 in 2005 and then decreased in 2007, 2009 and 2012 
reaching 13.83. 
Total R&D personnel and researchers by sectors of performance: the indicator in Baltic States was developing 
rather similarly with minimal increase. Only in Lithuania in 2011 shows faster increase of the indicator. In Estonia 
number of total researchers (FTE- full-time equivalent) corresponds to personnel increase.
High-tech exports (% of exports): in Estonia and Latvia changes in indicator are partially assessed as gradually 
increasing from (7.8% in Estonia in 2007, 4.6% in Latvia in 2007) to 2013 (14.8% in Estonia, 8% in Latvia), while 
in Lithuania the indicator shows tendency of decrease (7.3% in 2007, 5.8% in 2009) and while in a couple of years 
slightly increasing, remains comparatively unchanged until 5.8% in 2012.
Conclusions
Analysis of case of Latvia shows that part of performance indicators in certain periods relate and certain periods 
relate partially with changes of sector expenditures: patent applications to the EPO and number of total R&D 
personnel and researchers. However other performance indicators show weak relation with changes of expenditures
(except certain periods): number of doctorate students and high-tech export. Those indicators should be additionally 
promoted by targeted state policy planning and improved by cooperation between sectors. 
Similarly performance indicators of Lithuania relate partially. Indicators relate in certain periods: patent 
applications; R&D personnel and researchers; number of total researchers (full-time equivalent). Performance 
indicators as number of doctorate students and high-tech export do not relate with changes of expenditures. Despite 
that fact indicators retain stability of development.
In case of Estonia in general synergy and stability can be observed in expenditures. Expenditures of HE sector 
steadily increases and also all performance indicators increase with a couple of short-term decreases.
The research shows that R&D expenditures in HE sector partially relate with performance indicators in Latvia 
and Lithuania, contrary performance indicators relate more with expenditures in Estonia. In order to improve 
Latvian and Lithuanian performance indicators it is necessary to continue several reforms that currently are not yet 
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fully implemented: planning and granting financing in accordance to target evaluation system and focus on outputs; 
in case of Latvia structural reforms (consolidation) should be implemented. 
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